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"Processing method of a mixture for tyre rubber compound" 

The present invention relates to a method for processing mixtures and 
compounds made from rubber and various ingredients, used to obtain tyres and 
components thereof such as tread bands and the like: the invention is especially 
advantageous when used in connection with the production of rubber compoimds 
reinforced with silica. 

More particularly, the compounds which may be prepared with the method 
according to said invention are those of the type comprising a polymeric base 
having an unsaturated chain that can be crosslinked with sulphur in hot 
conditions, added to at least one sihca filler and a silica bonding agait containing 
at least one sulphur atom. 

The polymeric base may be any polymer or mixture of polymers, non- 
crosslinked, of natural or synthetic type, able to assume all the chemical/physical 
and mechanical features of elastomers after suitable crosslinidng. 

European patent application No. 99.830189.9, in the name of the Applicant 
of the present invention, discloses a method for producing the abovementioned 
compounds including at least a first operating step intended for mixing the various 
basic ingredients so as to obtain a mixture. 

This step is performed in a closed discontinuous mixer, i.e. a known 
device which basically comprises a container internally housing a pair of rotors 
turning in opposite directions, so as to mix up the ingredients introduced into the 
container fi-om the top thereof. 

For this purpose, said device is provided with a pneumatic cylinder located 
in the upper part of the container and a piston movable upwards to open the 
container, thereby allowing the introduction of the ingredients via special loading 
hoppers, and downwards so as to exert a pressure on the material processed by the 
rotors and located above them. 

A pneumatic system located on the bottom of the container allows 
discharging of the mixture at the end of the mixing cycle by opening a suitable 
outlet. 

As mentioned above, the devices likes the one described above are well 
known in the art: they are indeed referred to as "Banbury®" or "Intermix®", 
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depending on whether the rotors operate tangentially relative to each other or are 
mter-penetrating. 

Hereinbelow the material processed dvimg the various operating steps will 
be indicated by the term "mixture" in order to distinguish it from the "compound", 
which is instead the product obtained by adding the vulcanizing system to the 
mixture. 

The method claimed in the abovementioned patent application is aimed at 
providing substantially constant characteristics for those compounds having 
identical composition, but being produced discontinuously in separate batches, 
namely with the new charging of basic ingredients into the mixer after it has been 
emptied of the previous contents. 

Indeed, not infrequently it happens that in the known processing methods, 
the final compounds produced from successive batches have physical and 
mechanical properties which are also significantly different from each other, 
despite being produced from the same basic ingredients and using the same 
recipe. 

For this purpose, in the prior method there are defined at least two indirect 
process parameters, for example the power appUed to the pair of opposing rotors 
and the temperature of the mixture processed by them, together with at least two 
direct parameters such as the speed of the rotors and the pressure exerted by the 
piston of the discontinuous mixer. 

Tnereafter, in order to obtain the desired result, the method according to 
the aforementioned application suggests to periodically detect one or both of the 
indirect parameters and, if necessary, to correct their progression over time, by 
varying one or both of the direct parameters. 

This operating mefliod allows to achieve the object of producing in a 
repeatable manner, compounds with constant characteristics or in any case that 
fall within a predefined range of variation. 

However, this method relates only to the operating steps which occur 
within the discontinuous mixer and does not analyse the manufacturing process of 
the mixtures as a whole; in other words, the metiiod described in European patent 
application No. 99.830189.9 does not analyse the consequences brought by the 
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non-compliance with the predefined limit values for the (direct and indirect) 
mixing process parameters, on the other steps of the mixture and compounds 
processing cycle (for example on additional steps involving mixing with other 
mixtures in order to obtain the so-called 'Tslends", on vulcanization, etc.). 

For instance, reference should be made to the case where malfunctioning 
of a machine or human error could result in the temperature of the mixture or the 
power used by the rotors at a given instant, deviating from the predefined values: 
what are the consequences and what steps may be taken in order to remedy this 
situation? 

It should be noted that fee answer to said questions is of considerable 
importance because, as will be seen, it avoids the production of large quantities of 
material which must then be discarded at the end of the manufacturing process, 
together with all the negative consequences arising therefi-om. 

The object of the present invention is therefore to solve this problem by 
providing a method for processing mixtures and rubber compounds, whereby it is 
possible to operate inomediately on line in order to correct or limit the negative 
consequences arising jBx>m fluctuations of the process parameters, beyond the 
predefined tolerance limits. 

The invention comes fi-om Applicant's perception that the operating steps 
which make up the cycle for processing of the mixtures and compounds are of 
varying importance for obtaining the desired features in the end product. 

Consequently, in accordance with the present invention, a processing 
method has been developed whereby at first reference values with associated 
deviation tolerances for the process parameters, during one or more operating 
steps, are defined. 

These parameters may be the energy used by the rotors, the temperature of 
the mixture and the duration of mixing within the mixer or, downstream of the 
latter, the duration of tiie cycle for extraction of the semi-finished product in sheet 
form (hereafter also referred to in short as "extrusion"), as well as any other 
parameter according to the circumstances. 

Thereafter, coefficients indicating the wei^t (or importance) of 
compliance with the tolerances, in order to achieve the desired final characteristics 
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in a given compound, are assigned. 

Throu^out the manufacturing process, the aforementioned process 
parameters are measured for each batch and respective evaluation coefficients are 
attributed, depending on the values measured; finally, the coefBcients attributed 
are added together and, on the basis of the result obtained, a classification of the 
semi-jBnished products obtained with the various batches of material is 
determined. 

This classification provides a qualitative evaluation of the semi-finished 
product and, on the basis thereof, it becomes possible to operate directly along the 
production line in order to prevent any defective mixtures or compounds fi-om 
causing damage to subsequent production. 

For instance it could be considered the case where a mixture to be 
discarded is mixed together with other defect-jfree mixtures, thereby adversely 
affecting the "blend" obtained: this might require to discard large quaitities of the 
material produced. 

In particular, the method according to the invention is specifically used for 
the production of silica-reinforced compounds which comprise the following 
ingredients in variable quantities, per hundred parts by weight of polymeric base 
(phr), betweea the following limits: 



Polymeric base 


100 


Carbon black 


0-80 


Sihca 


10-80 


Silica bonding agent 


4%-15% of sihca 


Zinc oxide (ZnO) 


1-3 


Stearic acid 


0-3 


Anti-degradation agents 


1-3 


Plasticizing oil 


0-30 


Anti-ozone wax 


0.5-3 


Specific chemical ingredients 


0-15 



In accordance with this aspect of the invention, the tolerance ranges of the 
process parameters are predefined for each type of compound to be produced. 

Further characterising features of the present invention and the advantages 
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deriving therefrom will appear more clearly firom the description provided herein 
below, relating to a preferred and a non-exclusive embodiment thereof illustrated 
in the accompanying drawings wherein: 

- Fig. 1 illustrates in a diagramatic form the typical processitig steps of a 
mixture using the method according to the present invention; 

- Fig. 2 shows in siir^lified form a discontinuous mixer used in the method 
according to the invention; 

- Fig. 3 shows, in the form of a Cartesian diagram, the variations over time 
of the main process parameters during working in the mixer of Fig. 2; 

- Figures 4 and 5 show respective tables for evaluation of semi-finished 
products obtained with the method according to the invention; 

- Fig. 6 shows a further table relating to the characteristics of two 
compounds produced using the method according to the invention. 

With reference to the figures listed above, the first of them shows m 
schematic form the main steps which make up the processing cycle for the 
preparation of a mixture starting from basic ingredients; the general features of 
these steps are ahready known since tiiey are normally used for the production of 
tyre compounds. 

The first of said steps, indicated by 1, consists in weighing the various 
ingredients and feeding them to a discontinuous mixer which will be better 
described below. 

Said mbcer, during step 2, performs mixing of the various ingredients in 
accordance with predetermined process parameters and the mixture thus obtained 
is conveyed to an extruder where step 3 is performed. 

The extruder may be of the double-screw or single-screw type; in both 
cases, at the extruder outlet, the mixture is rolled by using a pair of calendering 
rolls (visible sidewise in step 3 of Fig. 1) so as to form it into sheets of predefined 
width (60-80 cm) and thickness (6-10 mm). 

In accordance with a preferred embodiment of the invention, the 
calendering rolls are of the variable fiiction type so that it is possible to vary their 
torque and operating speed. 

As an alternative to the extruder system plus calendering rolls, for 
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performing the mixture into sheet it is also possible to use mixers of the open 
type, where the mixture is poured from above with respect to a pair of counter- 
rotating drums which roll it, and then wound it onto one of them. 

The sheets obtained then undergo a "batch-ofT' treatment (step 4) wherein 
they are wetted with a liquid solution which reduces their surface adhesion; 
following this step they are cooled and dried, being hung up in festoons within 
special ventilated chambers. 

The sheets thus treated are then arranged on benches, waiting for fiirther 
processing thereof 

More specifically, in accordance with the method of the invention the 
strip-like sheets are sorted out onto various braiches, depending on the degree to 
which the predefined process parameters have been coitiplied with during the 
process; the manner in which this selection is performed will be described in 
greater detail below. 

It must be pointed out here, however, that as a result of sorting the sheets 
on the various benches following to the quality degree of the product, respective 
uses may be envisaged for the various selected sheets to prevent those which are 
defective or in any case do not perfectly satisiy the necessary requirements, from 
being subsequently mixed with sheets which are defect-free. 

Consequently, the sheets of one bench may undergo processing operations 
different from those of another bench; for example some sheets (those regarded as 
satisfying the necessary requirements) will be further processed in a discontinuous 
mixer together with the vulcanizing agent so as to form the final raw compound, 
other sheets (considered to be defective) will be combined with further mixtures 
so as to obtain a desired bl«id, whereas finally other sheets (considered to be 
unacceptable) will be discarded. 

The fiirther processing operations may be performed with the same means 
used for steps 2-5 or also in different installations. 

The tables of Figs. 4 and 5 show some values indicating the tolerances 
with respect to nominal reference values, applicable to certain process parameters 
being respectively monitored during the corresponding steps H-N; these nominal 
values and the associated tolerances may be obtained in an experimental manner 
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and obviously depend on the type of mixture being processed. 

These values therefore depend on the composition of the mixture and on 
the features thereof to be obtained during the various processing stq)s. 

For example, with a discontinuous mixer 10 such as that shown in Fig. 2 
(Banbury® type), provided with a pair of tangential rotors 1 1 and 12 which have 
an interrupted-spiral profile and which rotate 'm opposite directions inside a 
chamber 13, and a pneumatic (or hydraulic) cylinder 14 which operates a piston 

16 by means of a rod 1 5 so as to compress the mixture 1 7, it is possible to perform 
a mixing operation such as that shown in Fig. 3. 

In this mixer, indeed, the pressure exerted by the piston 16 on the mixture 

17 may be varied by raising or lowering said piston: this consequently also allows 
variation of the power needed to provide rotation of the rotors 11, 12 and 
therefore the energy used by the system; the energy appears as an increase or 
decrease in the temperature of the mixture. 

In order to carry out the method of the invention, the indirect process 
parameters such as the energy used by the pair of rotors 11, 12, are monitored 
during processing in a predetermined time sequence; generally, the time interval 
between two successive monitoring operations is lower than two minutes, 
preferably not greater than 30 seconds and, even more preferably, not greater than 
15 seconds so as to be able to correct in real time any oscillation within the 
predefined tolerance intervals. 

Where considered necessary or appropriate, these indirect process 
parameters are monitored at even shorter intervals, lower than one second, during 
the different processing stages mentioned above so as to nummize the degree of 
deviation of the values of said parameters fi-om the predefined nominal value. 

At the start of the working cycle, the piston 16 is fully raised so as to allow 
the introduction, through a side hopper 18 of the mixer, of a charge of mataial 
comprising at least one polymer or a mix of polymers, a reinforcing filler 
comprising silica in combination with, or instead of^ carbon black and a bonding 
agent for the white filler. 

In this connection it must be pointed out that in the present description 
"white reinforcing fillers" are meant those ingredients of inorganic type, such as 
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gypsum, talc, kaolin, bentonite, titanium dioxide, alumina and various silicates 
and silica, used in tyre compounds for example in order to increase the 
roadholding in wet conditions or reduce the rolling resistance of the tyre. 

For the sake of brevity said white fillers have been referred to, and will be 
referred to, generally by the term "silica" or "silica fillers"; however, this term 
must nevertheless be understood in the broadest sense of its meaning. 

The quantity of material loaded, depending on the volume of the mixer, in 
this case is preferably between 220 and 250 kg. 

As can be noted from the graph of Figure 3, during loading the curve of 
the adsorbed mechanical power has a minimimi value since the pair of rotors has 
not yet started mechanical processing of the materials; along this section the curve 
of 'the temperature shows a downward trend due to the fact that the thermocouples 
measure the temperature inside the chamber 13 which is cooling, following the 
imloading of the previous mixture and the subsequent introduction of new 
material at the environmental temperature. 

The entire quantity of silica may be introduced at the start of the 
processing cycle or preferably dming at least two separate steps of the 
abovementioned cycle. 

When loading of the material has been complete4 the piston 16 is lowered 
so as to compress the material inside the chamber 13; here and in the following of 
the description the movements of the piston are regarded as being substantially 
instantaneous. 

Following this lowering movemait, the adsorbed mechanical power 
rapidly increases until it reaches a peak value (after 30 seconds) since the rotors 
11 and 12, which are kept rotating at constant revolutions, exert the maximum 
force required to break wp and mix together the components of the mixture which 
still have high viscosity values; also the temperature starts to rise. Subsequently, 
as mixing proceeds and the temperature increases, the viscosity, and consequently 
also the power consumption, diminishes. 

At point C of the processing cycle the number of revolutions of the rotors 
undergoes a first reduction (of the order of 10%) and at tiie same time the piston is 
raised so that the power adsorbed is reduced to a coiresponding Tnin trmim value: 
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however, after a few moments the piston is lowered again, thereby giving rise to a 
new peak value of the adsorbed power (point D along the abscissa), following 
which the value falls again owing to the gradual reduction in viscosity, also linked 
to the continuous increase in temperature which reaches a value of about 100 °C. 

Raising the piston also has the effect to let to fall towards the rotors those 
batch portions which have not been incorporated in the mixture and have 
accumulated on the closing surface of the device as dust between the piston body 
and the container wall. The various percentages of the mixture components are 
thus brought to their predetermined values, thereby fulfilling an essential 
precondition for achieving the final properties of the mixture. 

As mentioned above, the operation of controlling processing of the 
mixture by means of the piston allows the temperature progression to be kept, 
over time, within the desired values necessary for correct formation of the final 
product. 

Indeed, raising of the piston, by reducing the pressure on the material 
being processed, ensures a graduated increase in the temperature with a 
predetermined gradient and in any case has the effect of keeping this parameter 
within acceptable limits, so as not to adversely affect the properties of the mixture 
being processed. 

At the same time the variation in the number of revolutions of the rotors is 
used to optimize both the mechanical processing and tiie temperature control. 

The overall working time from the start of the cycle until the point E, for 
compounds containing silica fillers maybe between 95 and 115 seconds. 

Once this point has been reached, incorporation of the silica filler into the 
polymeric matrix is considered to be adequate; therefore, further ingredients are 
introduced into the mixer. Preferably, during this step a residual quantity of siKca, 
equal to about 25% of the overall quantity, is introduced. 

The operation is performed by raising the piston and keeping it in this 
position for the whole of the time required: during this operation the power 
consumption falls to minimum values (E-F) and also the mixture temperature 
drops, not only due to elimination of the piston pressure, but also foUowing the 
introduction of ingredients at room temperature, which ingredients may include in 
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particular liquid ingredients, such as plasticizing oil, which favours this cooling 
effect. 

Once loading has been completed (point F), the piston is lowered again 
and kept pressed against the mixture causing a renewed increase in the adsorbed 
power and a corresponding increase in temperature. 

The overall working time firom the start of the cycle until this increase, in 
the case of compounds with a silica filler, may be between 150 and 195 seconds. 

Subsequently, other (one or more) adjustments of the direct process 
parameters are performed, that is, variations in the number of revolutions of the 
rotors (for example two reductions of the value of about 40% each) and^or 
movements of the pressing piston, with consequent increases in the adsorbed 
power, in combination with or separately from each other and of predefined 
duration, in order to complete dispersion and homogenization both of the siUca 
and of the further ingredients just added, within the polymeric matrix. 

It is assumed that at the end of this processing phase, beginning with the 
start of the cycle until the point indicated by M along the abscissa axis in 
connection with the last lowering movement of the piston, an optimum dispersion 
of the fillers in the polymeric matrix has been achieved: this phase is referred to as 
the silicization step. 

At the end of this phase, in accordance with the invention the temperature 
of the mixture has reached its maximum value, of the order of 140 °C, along a 
thermal profile which always remains within a range of predefined values. 

Now starts the so-called silanization phase which occupies the whole of 
the successive period until the end of the cycle and during which the chemical 
reaction between silane, silica and polymer mainly occurs. 

This reaction consists in chemical bonding of the silica to the polymeric 
matrix by means of the silane. 

During this phase the pair of rotors rotate at a low number of revolutions 
(prefwably of the order of about 5 to 10 revs/min.) so as to keep the temperature 
substantially constant; this is possible since dispersion of silica and other 
components in the polymeric matrix had already been performed, and it is no 
longer necessary to perform a high degree of mechanical working of the mixture. 
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In accordance with the invention, the temperature parameter is kept at a 
substantially constant value during this phase; this is due to the heat stored during 
the previous steps and to the action of the piston which corrects only any 
deviation of the temperature from the predefined mean value, in particular 
deviations greater than the permitted range of fluctuation with respect to said 
mean value. 

Once silanization has been completed, tiie mixture is unloaded. 

This operation is perfonned by opening the discharge outlet 19 located at 
the bottom of the chamber 13 and by increasing the number of revolutions of the 
pairs of rotors so that it is preferably brought again to the value of the starting of 
the cycle. 

During this step, the adsorbed power immediately registers a new peak 
value (point N on the abscissa axis) which immediately decreases following 
discharging of the mixture; the energy used on average during the whole working 
cycle described, indicated by the corresponding curve in Figure 3, is in this 
example of about 0.12 kWh per kg of compound produced. 

The mixture extracted from the mixer is at the temperature of about 140 
and, as mentioned previously, it is extruded in sheet form and cooled to room 
temperature. 

Processing of the material within the closed mixer 10, in particular for the 
production of silica-reinforced compounds, influences the characteristics of the 
material (compound) obtained during the subsequent steps. 

The acceptability range, within which the process parameters may 
fluctuate, is fixed taking into accotmt the variability of the physical and 
mechanical properties suitable for a reference compound in view of its precise 
intended use. 

Hereby with the expression "reference compound" it is meant a compound 
with such physical and mechanical properties as to determine, when the 
compoimd fomis part of the end product, the performances required by said 
product, for example the performances of a tread band. 

The characteristics of a "reference compound" comprise those of the 
mixture at the outlet of the mixer 10, those of the raw compound extracted j5x»m a 
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second mixer where the mixture coming out from the first mixer has been mixed 
with ihe crosslinking system, and those of the vulcanized compound. 

Among the most important characteristics of the mixture extracted from 
the fu-st mixer there are the viscosity and the percentage of silanization, whereas 
among those of the raw compound at the outlet of the second mixer there are 
again the viscosity and the percentage of silanization as well as the rheometric 
characteristics, while among those of the vulcanized compound the density, the 
hardness and the static and dynamic moduli. 

Let us now assume that the method described above with the aid of 
Figures 3 and 4 is the optimum cycle for defining the method of production of a 
compound and that it is required to determine the acceptability range of the 
i;. process parameters. 

The method for detennining this acceptability range is performed as 
described below. 

Under uniform conditions of the raw materials and under optimum 
' efficiency of the plant and machinery, a significant ninnber of batches, both of flie 
1^ mixture and of the compound, are produced several times using the optimum 
1 4: process. 

The characteristics of the produced items are measured and respectively 
\'4 compared with those of the reference compound and mixture obtained \ising the 
abovementioned optimum method, as well as wdth the values of the process 
parameters used. 

Using a calculation method of the statistical type, fee limits within which 
each process parameter may vary in order to obtain product characteristics 
included within the predefined limits, are determined. 

Purely by way of a non-limiting example, the quantitative limits vidthin 
which diere is a variation in the ingredients of the composition of a typical 
compound diat can be produced using the process according to the invention, are 
indicated hereinbelow. 

The quantities of the ingredients are expressed as parts by weight per 
himdred parts of polymeric material (phr); 

Polymeric base 100 
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Carbon black 


0-80 


Silica 


10-80 


Bonding agent 


4%-15% of silica 


Zinc oxide (ZjiO) 


1-3 


Stearic acid 


0-3 


Anti-degradation agents 


1-3 


Plasticizing oil 


0-30 


Anti-ozone wax 


0.5-3 


Specific chemical ingredients 


0-15 



In addition thereto there will be included the crosslinking system, in 
quantities known per se depending on the composition of the mixture, usually 
comprising sulphur (from 0.5 to 2.5 phr) and vulcanization accelerators. 

Among the polymeric bases, preference is given to polymers or copolymers 
with an unsaturated chain obtained by means of polymerization of conjugated 
dienes and/or aliphatic or aromatic vinyl monomers. 

Given the above, by way of example some tables relating to the reference 
values for a given compound composition and acceptability ranges of the process 
parameters are provided hereinbelow. 

Thus Table 1 shows the values of the characteristics of the raw compoxmd at 
the outlet of a mixer such as that shown in Fig. 2, while Table 2 shows some 
characteristics of the vulcanized compound. In both c^es the tolerance ranges are 
defined by the deviation limits from the (central) reference values, indicated with 
the symbol ±. 

The tables relate to processing of a batch of material of 230 kg optimized 
with respect to the volume of the mixer and the mixture density; the material 
introduced into the mixer 10 has a composition chosen from those indicated above 
and in particular formed as specified hereinbelow: 

RECIPE 



(phr) 

Natural rubber 8.00 
Polybutadiene 20.00 
SBR "in solution" 72.00 
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Plasticizing oiJ 
SiHca 

Stearic acid 

Zinc oxide 

Processing aid 

Silane (50% predispereed) 

Wax 

Amino anti-oxidant (type TMQ) 

Amino anti-degradation agent (type 6PPD) 

Sulphur 

Accelerator: sulphenamide (type CBS) 
Accelerator: diphenylguanidine (80% active) ' 



5.00 
63 
2 

2.5 
2.00 
10.00 
1 

1.00 
2.00 
1.20 
2.00 
0.80 



Table 1 



Rheometric 
characteristics 



Central 
value 



ML(dNin) 
Mh (dNm) 
t3o (min) 
t6o(niin) 



2.20 
20.50 
0.82 
1.74 



Deviation 
tolerances 



±0.30 
±2.00 
±0.60 
±0.13 



The rheometric characteristics are measured in this case in accordance with 
t^e standards ISO 6502 by using an instrument of ti.e MDR type for 2 minutes at 
the temperature of 195 "C. 

THe rheometric umts M. »d M„ ^ expressed in dN«m (tenth, of a 
Newton per metre) corresponding to the initial force and to the maximum force 
exerted by an oscillatirtg device on the compound te^-piece heated to a given 
temperature. ^ 

The .progre«,ion of the vulcanization curve initially exhibits a depression 
(saddle xegron) where there is the minimum force, corresponding in .he raw 
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condition to the plastic state (Ml) and then the curve gradually rises up to a 
constant maximum value (Mh) corresponding to the vulcanization level where the 
instrument exerts the maximum force. 

The characteristics indicated in Table 1 by the symbols X30, Uo are expressed 
in seconds and each indicates the time required to reach the percentage (30% and 
60%) of the difference between the maximum force and tiie minimum force. 

Table 2 below indicates the characteristics of a test piece consisting of the 
compound extracted from the second mixer after vulcanization for 30' (minutes) at 
the temperature of 1 5 1 °C. 

Table 2 

Characteristic Mean value Variability 



Density 


(g/cm^) 


1.196 


±0.004 


100% modulus (CAl) 


MPa) 


2.3 


±0.2 


300% modulus (CA3) 


(MPa) 


9.8 


±0.6 


Ultimate tensile strength 


(MPa) 


>15.0 




Ultimate elongation 


(%) 


>400 




Hardness 


(IRHD) 


73 


±2 



The density is measured by using the procedure defined in the standard ISO 

2781. 

The dynamometric characteristics are expressed by the moduli measured 
along the force/deformation curve traced in a Cartesian diagram having in its 
or(Mnate axis the forces expressed in MPa and in its abscissa axis the 
deformations. 

The testing procedures are defined in the standard ISO 37 and the symbols 
CAl and CA3 shown in Table 2 indicate the value of the load measured at 100% 
and 300% deformation of the test piece, respectively. 

Using a methodology similar to that explained hitherto for the mixing step, 
iti the method according to the ruvention reference values with the associated 
deviations are detemuned also for the other critical steps in processing of the 
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mixtures. 

Thus, for example, the stay (maintenance) times inside the extruder for step 
3 downstream from the closed mixer 10 are determined, together with any other 
operation in successive mixers and the like, depending on the used operating 
cycle. 

On the basis of the data and the information obtained above, a coefficient 
indicating the weight which non-compliance of a given parameter with the 
predefined tolerances assumes in the production of a compound or a final mixture 
with the desired characteristics, is assigned. 

This situation is illustrated in the tables shown in Figures 4, 5. 

As illustrated. Fig. 4 shows a table divided into a number of sections, the 
first one of which (on the left) contains the process parameters considered for 
processing of a given mixture in the discontinuous mixer 10. 

The second section (alongside the first one) shows the nominal values of the 
aforementioned process parameters, and their variation tolerances with respect to 
the nominal values and the coefficients (or weights) attributed in the event of non- 
compliance with the tolerances. 

These values relate to the operating steps for processing in the mixer 10, 
which are illustrated in the graph of Fig, 3 and are indicated in the first column by 
the same letters. 

The third section (on the right of the preceding one) in Fig. 4, on the other 
hand, shows the values of the process parameters actually measured during the 
course of processing of a mixture with the abovementioned recipe, together with 
the weights attributed depending on whether the predefined tolerances are 
respected (or not). 

The weight which non-compliance with the various tolerances assumes with 
regard to achieving a desired mixture will obviously depend on each individual 
case; in Table 4, a scale of values ranging fi-om a minimum of 0 to a maximum of 
40 has been chosen. 

The weight factors attributed are then added together so as to provide an 
overall end result which, compared with the reference classification shown in the 
last right-hand section of Fig. 4, provides die evaluation of the mixture. 
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Therefore, in this way it is possible to establish immediately, at the outlet 
from the mixer 10, whether a batch of material has been processed in accordance 
with the desired requirements. 

In the case of Fig. 4 it can be seen that the total score, i.e. that resulting from 
the sum of the individual weight factors attributed during the various process 
operating steps in the mixer 10, has a value of 45 and, from a comparison with the 
reference classification, it can be deduced that the processed mixture falls within 
the third of the four categories envisaged, i.e. the category representing the 2"*^ 
degree of non-compliance. 

A similar methodology is adopted for the other mixture processing steps. 

For example. Fig. 5 shows a table which relates to the extrusion of the 
mixture; since this step (indicated by 3 in Fig. 1) is simpler than the preceeding 
mixing operation, the associated table is also sinqjlified. 

In this case, the process parameter to be complied with is the stay time 
inside the extruder; in the same way as before, therefore a reference classification 
for this parameter is established, said classification acting as a means of 
comparison for the actual value measured, in order to detennine the quality of the 
mixture at the outlet. 

As shovra, in Fig. 5 only three classification categories (instead of four as in 
the previous case) have been defined for this parameter; once the extrusion phase 
3 has been completed, the sheets leaving the calender undea-go the remaining 
working steps illustrated in Fig. 1. 

This is performed continuously (i.e. without interruption) and controlled 
depending on the progress of production. 

Mdeed, as illustrated above, with the method according to the invention it is 
possible to obtain an evaluation, in real time, as to the quahty of the semi-finished 
products obtained fit)m a given batch of starting materials; on the basis of this 
evaluation it is therefore possible to establish immediately, along the production 
line, i.e. without having to perform separate laboratory tests on samples taken 
from the production line, the subsequent use of the semi-finished product. 

As a result it is possible to achieve a nearly continuous working cycle, 
controlling the production with a normal automated system (i.e., a PLC or similar) 
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which fiinctions in accordance with the logic described above; in particular, it will 
no longer be necessary to interrupt the process to wait for the outcome of the 
laboratory tests. 

For this purpose it is sufScient to provide, at the extrusion outlet, means 
(such as a punch or the like) for marking the sheets obtained from a given initial 
batcl^ in this way any sheet classified as defective or to be discarded (owing to 
human error or malfunctioning in the mixing or extrusion apparata) may be 
distinguished from the preceeding or following ones. 

Subsequently, along the production line, said sheet will then be separated by 
means of a cutting operation and will be arranged on a bench together with the 
^eets which have been attributed the same evaluation. 

It should be noted that, in so doing, it is avoided to mix together sheets 
obtained &om batches defect-free and sheets obtained from batches which are 
defective or which have to be discarded, with the consequent risk of 
contaminating the semi-finished products that are in a good state and of discarding 
them as welL 

Indeed, in the known art, for monitoring the production laboratory tests are 
carried out not only on the intermediate mixtures, but also on the (both raw and 
vulcanized) compound obtained therewith; consequently, if one (or more) of these 
mixtures (which should be discarded) is mixed with other defect-free mixtures in 
order to obtain the compound, also the obtained end product has to be discarded, 
with the corresponding economic loss arising therefrom. 

For the sake of completeness of explanation, Figure 6 shows in the form of a 
table the characteristics of the raw compounds obtained by using mixtures 
considered defective and to be discarded in Figures 4 and 5, respectively: i.e., a 
mixture for which mixing was not pafonned in compliance with the predefined 
conditions and a mixture which remained in the extruder for too long. 

In this latter case, the characteristics of the vulcanized compound (30 
minutes at 151 **C) and the behaviour of the tread band during extrusion have also 
been taken into consideration; the symbols used are the same as those used in the 
preeceding Tables 1 and 2. 

Of course, variations of the invention with respect to that described hitherto 
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are possible. 

Firstly it can be pointed out that said invention is not limited only to 
processing cycles such as that shown in Fig. 1; the latter is in fact a simple cycle 
during which silicization and silanization of the mixture are performed in the 
same mixer, but there is nothing to prevent these two steps from being performed 
in respective mixers, with tiie mixture being discharged from one mixer ami 
introduced into the other one. 

It should also be pointed out that the method according to the invention may 
also be applied to the processing of compoimds, namely to the product obtained 
by adding the vulcanization components to a mixture. 

In other words, the system of determining nominal reference values with the 
associated tolerances for the process parameters and then evaluating the degree of 
compliance with said values during production, so as to control the progression 
thereof, may be applied both to mixtures in general and to the products obtained 
therefrom, such as for example the compounds. 

These and other possible variants in any case fall within the scope of the 
claims which follow. 



